Benign tracheal stenosis usually occurs as a complication of endotracheal intubation and tracheotomy. [1, 2] Although this is a benign condition, clinical picture related to airway stenosis may be frightening. The location and length of stenosis show differences among cases, but symptoms and findings are similar in nearly all patients. The management of benign tracheal stenosis include invasive and noninvasive methods. Nevertheless, standard treatment regime is resection of stenotic area in fit patients. [3] Although the relationship between the incidence of tracheal stenosis and prolonged intubation is wellknown, to our knowledge, the linkage between the length of stenotic segment and intubation duration has not been reported yet. In this study, we aimed to investigate the relationship between duration of mechanical ventilation and length of resected segment in tracheal stenosis.
PATIENTS AND METHODS
We retrospectively evaluated the hospital records of 17 patients (14 males, 3 females; mean age 37.8 years; range 11 to 69 years) who underwent surgery because of tracheal stenosis due to endotracheal intubation or tracheotomy at Medical Faculty of Atatürk University between January 2000 and March 2015. We analyzed records of these patients according to age, gender, symptoms, therapeutic option, localization of stenosis, length of resected segment, duration of mechanical ventilation, time interval after extubation or decanulation, underlying disease, and complications of surgery. Before resection, rigid bronchoscopy and dilatation were performed at least once in all patients (mean 2.02 times, range 1 to 7 times) ( Figure 1 ). Resection of stenotic tracheal segment and end-to-end anastomosis were performed in all patients. After cutting of the distal portion of stenotic segment, anesthesiologists withdrew the intubation tube and we inserted a sterile intubation tube into distal trachea (Figure 2 ). Then, we cut the upper border of stenotic area. When we reached the stenosis, we cut the trachea again until we accessed the non-stenotic segment (Figure 3, 4) . After completion of tracheal resection, we continuously sutured the membranous part of trachea with 3/0 or 4/0 absorbable polydioxanone suture material and in cartilaginous part, we performed interrupted suturing with the same suture material ( Figure 5, 6 ). The patients were divided into two groups according to duration of mechanical ventilation. Patients in group 1 (n=10) had intubation durations of less than 10 days and patients in group 2 (n=7) had intubation durations of more than 10 days. Then, we investigated the relationship between duration of mechanical ventilation and length of resected tracheal segment statistically. The study protocol was approved by the Medical Faculty of Atatürk University Ethics Committee. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Statistical analysis
Statistical analysis was performed using IBM, SPSS software package version 20.0 (IBM Corporation, Armonk, NY, USA). Student's t-test was used as the hypothesis test and p values less than 0.05 were considered statistically significant.
RESULTS
Main symptom was severe dyspnea (n=17, 100%). Other symptoms were wheezing (n=7, 41.4%) and cough (n=5, 29.4%). Most prominent physical findings were stridor (n=17, 100%), intercostal retraction (n=11, 64.7%), and facial sweating (n=3, 17.6%). Localizations of stenoses were regions of tube or cannula cuffs in all patients. Chest radiographs and axial computed tomography (CT) sections were taken in all patients for evaluation of the stenotic segments and peristenotic soft tissues. Three dimensional CT (3D-CT) was not performed routinely and the lengths of stenosis were calculated by bronchoscopy before surgery. Three patients had undergone tracheotomy in group 2 and tracheotomy was performed after the 15 th day of mechanical ventilation in these patients because of prolonged mechanical ventilation. Mean mechanical ventilation durations in groups 1 and 2 were 6.2 days (range 3 to 9 days) and 19.9 days (range 13 to 32 days), respectively. Mean lengths of resection material in groups 1 and 2 were 2.2 cm (range 1.4 to 3.1 cm) and 3.5 cm (range 2.3 to 4.7 cm), respectively. The difference between groups 1 and 2 was statistically significant (p= 0.002). Mean time interval between extubation or decannulation and surgery was 6.1 months (range 1 to 48 months). Causes of mechanical ventilation were coronary artery disease (n=5, 29.4%), trauma (n=5, 29.4%), pneumonia (n=2, 11.8%), post-surgical respiratory failure (n=2, 11.8%), adult respiratory distress syndrome (n=1, 5.9%), drug intoxication (n=1, 5.9%), and chronic obstructive pulmonary disease (n=1, 5.9%). Two patients had wound infection and were treated with topical treatment. 
DISCUSSION
The most common cause of benign tracheal stenosis is mechanical ventilation by endotracheal intubation and tracheotomy. [4] This benign condition is usually seen between the third and fourth decade of life and more commonly occurs in males. [5, 6] The incidences of tracheal stenosis related to tracheotomy and endotracheal intubation are between 0.6 to 21% in the literature. [7, 8] However, recently, reports showed that its incidence decreased to 6% due to improvement of mechanical ventilation equipments. [9] Nevertheless, despite all technological developments in intensive care units, tracheal stenosis related to mechanical ventilation is still on the agenda of thoracic surgeons.
Although the most common localization of stenosis related to endotracheal tubes is the cuff site, regions of stenosis related to tracheotomy may be different such as site of cannula cuff, stoma, or superior and inferior of stoma. [10] Ischemic injury due to cuff pressure is the main etiological factor in this benign condition. Stenosis might be seen after a series of consecutive processes: local infection may be superimposed on the damaged endotracheal surface and perichondritis may occur in tracheal cartilage, then fibroblastic activity accelerates in this area, and finally scar tissues and stenosis occur in traumatic area. [10] Steroids and antibiotics are helpful in reducing granulation and fibrosis. [10] The gold standard in diagnosis of tracheal stenosis is bronchoscopy. [11, 12] Fiberoptic bronchoscopy may be the first option in elective patients but rigid bronchoscopy should be preferred in cases with respiratory distress. Virtual bronchoscopy, plain radiographs, magnetic resonance imaging, conventional and 3D-CT are helpful in diagnosis. Particularly, 3D-CT can determine the length of stenotic segment in preoperative period and treatment can be planned according to the findings of this imaging. The best imaging technique in tracheal disease is CT and its sensitivity is approximately 97% in main airways pathologies. [13] Tracheal lumen smaller than 2 cm is a typical finding of stenosis in CT in adults. [13] Nevertheless, the sensitivity of virtual bronchoscopy was reported to be between 63% and 100% in the literature and superiority of this technique against bronchoscopy is its being a noninvasive method. [14] We conducted rigid bronchoscopy as the first choice in our patients since bronchoscopic dilatation was performed in all patients before surgery. Principal imaging methods in our study were plain radiographs, conventional/3D-CT, and virtual bronchoscopy.
Bronchoscopy is a therapeutic method in certain cases with mild symptoms and small stenotic segment. [3] The success rate of bronchoscopic dilatation in these patients was reported as approximately 72% in the literature. [3] Other treatment modalities are surgical resection, balloon dilatation, tracheal T-tube, various lasers, and stents. [10, [15] [16] [17] Although several techniques, such as mentioned above, have been described in the management of tracheal stenosis related to intubation, principal approach is resection of affected tracheal segment and end-to-end anastomosis. Success rate of resection was reported to be between 74% and 96% in the literature. [7, [18] [19] [20] Length of stenotic segment differs in patients according to use of endotracheal tube or tracheotomy cannula. Stenosis related to intubation tube is usually greater than cannula stenosis. [21] Many studies have reported the relationship between prolonged intubation and frequency of tracheal stenosis; however, to our knowledge, no study has been conducted showing the relationship between intubation duration and stenotic segment length in the literature. According to the literature findings, the most important factor affecting resection length is the number of stenotic areas. [22] Particularly in patients with tracheotomy, stenotic areas in stoma and cuff site may be present and long segment resection may be required. In this situation, separate resection per each stenosis is recommended to avoid excessive resection. [7] Nevertheless, in our study, we found a significant relationship between intubation duration and length of resected tracheal segment and the difference between the two groups was statistically significant (p<0.05). We believe that the probable cause of this difference is displacement of cuff throughout prolonged mechanical ventilation leading to increase in tracheal segment length exposed to pressure.
There are many factors that affect the clinical outcome of a patient in mechanical ventilation. The most important factor in weaning from mechanical ventilation is effective treatment of underlying disease. Nevertheless, whatever the cause of artificial ventilation, careful and regular respiratory care is a sine qua non. Also, pulmonary hygiene is a basic principal for respiratory care in intensive care units. Periodical suction of secretions, postural drainage, effective antibiotherapy, sufficient hydration and mucolytics are needed for pulmonary hygiene. Furthermore, frequent check of cuff pressure, intermittent deflation of intubation tube or tracheotomy cannula cuff, stabilization and immobilization of tube or cannula in same tracheal level are other principals in respiratory care and these precautions must be taken to reduce the incidence of tracheal stenosis. In fact, as mentioned above, the epicenters in relationship between long stenotic tracheal segment and prolonged mechanical ventilation are frequent displacement or movement of tube and cannula throughout the tracheal lumen during long ventilation period and reoccurrence of progressive process from cuff necrosis to stenosis in different tracheal segments at every turn.
Complications of tracheal resection include restenosis, aspiration pneumonia, cervicomediastinal sepsis, rupture of innominate artery, suture dehiscence, and recurrent laryngeal nerve paralysis. [1, 16, 23] Anastomotic dehiscence is one of the most severe complications in early period. [24] If in late period, the most alarming case is restenosis of which its incidence was reported to be between 10.5% and 14%. [1, 24] Factors that increase the incidence of restenosis are stenosis in subglottic area, long stenotic segment, and anastomosis stress. Furthermore, excessive releasing of trachea and use of non-absorbable suture materials may increase the complication rate. [8, 24] Additionally, inappropriate suturing technique may accelerate the granulation tissue formation after tracheal resection. [25] In our study, wound infection occurred in two patients, while restenosis or suture dehiscence did not develop. We believe that the causes for this low complication rate are use of absorbable suture materials, the suture technique we performed, and our avoidance of excessive tracheal dissection.
The limitations of this study are its retrospective design and single-centre site.
Although the incidence of tracheal stenosis related to intubation and tracheotomy decreased when compared to previous years, it seems to remain on the agenda of thoracic surgeons and anesthesiologists. Basic principles in reducing its incidence are using modern mechanical ventilation equipment and weaning from mechanical ventilation as early as possible. Simple resection of stenotic tracheal segment and end-to-end anastomosis may be performed with low complication rates in suitable patients. Nevertheless, studies with larger sample sizes are needed to shed more light on the relationship between duration of mechanical ventilation and resection length.
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